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ABSTRACT 

We present the results of neutral hydrogen (Hi) observations of the NGC 5044 and NGC 1052 
groups, as part of a GEMS (Group Evolution Multiwavelength Study) investigation into 
the formation and evolution of galaxies in nearby groups. Two new group members have 
been discovered during a wide-field Hi imaging survey conducted using the ATNF Parkes 
telescope. These results, as well as those from foUowup Hi synthesis and optical imag- 
ing, are presented here. J1320 — 1427, a new member of the NGC 5044 Group, has an Hi 
mass of Mhi = 1.05 x 10^ M© and Mh,/Ls = 1.65 Mq/Lq, with a radial velocity of 
V — 2750km s^^. The optical galaxy is characterised by two regions of star formation, sur- 
rounded by an extended, diffuse halo. J0249 — 0806, the new member of the NGC 1052 Group, 
has Mhi = 5.4 x 10*^ Mq, Mh,/Lr = 1.13 MQ/Lgand v = 1450kms"^ The optical image 
reveals a low surface brightness galaxy. We interpret both of these galaxies as irregular type, 
with J0249 - 0806 possibly undergoing first infall into the NGC 1052 group. 
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1 INTRODUCTION 

Galaxy groups are the most common form of galaxy association, 
and also the most common environment in which galaxies are 
found iTuUv 19H,) . The size scales of groups lie between those 
of galaxy pairs and rich clusters. As such, they are an ideal envi- 
ronment in which to study the relationship between the formation 
and evolution of galaxies, and large scale structure. 

Studies of galaxy groups and clusters at optical and infrared 
wavelengths s elect against low surfac e brightness and low lumi- 
nosity objects ilmpev & BothurJll997h . which are predict ed to be 
numerous in these environments (e.g. ' Moore et alJll99^ . These 
optically-faint objects are often gas-rich and are thus more likely 
to be detected in neutral hydrogen (Hi) surveys. Hi is also a sen- 
sitive tracer of gravitational disturbances, such as tidal interactions 
and galaxy mergers, with the kinematic imprint of such encounters 
often being retained to distances larger than several galactic radii 
(Mundell et al. 1995; Hibbard 2000). Studies of the content, distri- 
bution and kinematics of Hi in galaxy groups therefore provide an 
important probe of ongoing galaxy interactions and mergers and, in 
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combination with X-ray and optical studies, provide a key indicator 
of the group's evolutionary state and that of its constituent galaxies. 

The Group Evolution Multiwavelength Study (GEMS) is a 
multi-wavelength investigation of the evolution of nearby galaxy 
groups. It compares the X-ray, Hi and optical properties of a sam- 
ple of groups, selected on the availability of high-quality X-ray 
(ROSAT) data, with the aim of building up a comprehensive view of 
their evolutionary state and, ultimately, furthering our understand- 
ing of the processes which drive galaxy evolution within a group 
environment. 

As part of GEMS we have completed a sensitive, wide-area 
Hi imaging survey of 17 nearby galaxy groups, using the Multi- 
beam System on the ATNF Parkes Radiotelescope^ . Full details of 
this survey will be given in a later paper. With its long integration 
times and wide-area mapping, the GEMS Hi survey complements 
deep targeted studies of small areas of the sky (e.g. de Blok et al] 
[2002) and less sensitive Hi all-sky surveys , for example the south- 
em HIPASS iStavelev-Smith et alJ (1990) and northern HIJASS 



^ The Parkes telescope is part of the Australia Telescope, which is funded 
by the Commonwealth of Australia for operation as a National Facility man- 
aged by CSIRO 
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Table 1. Observing parameters for the Parkes wide-field imaging survey 
and properties of the resulting image cubes. 





NGC 5044 


NGC 1052 


Date of observation 


2001-Jan-07-10 


2001-Jan-07-10 




2001 -Jul- 15-1 7 


2001-Jul-14-18 


Centre of scanned field : 






Right Ascension (J2000) 


13''15™00!0 


02'^40™00!0 


Declination (J2000) 


-16°22'48" 


-08°08'00" 


Angular area imaged 


5.5° X 5.5° 


5.5° X 5.5° 


Frequency of observation (MHz) 


1409.0 


1413.5 


Bandwidth (MHz) 


8 


8 


Spectral channels 


2048 


2048 


Spectral channel width (kHz) 


3.8 


3.8 


Integration time (s) 


5 


5 


Data cube properties: 






Linear dimensions (pixels) 


105 X 104 


103 X 105 


Velocity channels 


1024 


1024 


Velocity range (kms~^) 


1565-3252 


615-2302 


Spatial resolution 


15.5' 


15.5' 


Pixel size 


4' 


4' 


Spectral resolution (kms^^) 


1.6 


1.6 


RMS noise level (mjybeam^^) 


53.8 


54.0 



Lang et alj|2003h which, altho ugh cataloguing a large number of 
new obiects TMever et all2004) . are less sensitive to emission from 
faint dwarf and LSB galaxies. 

Here we report the discovery of Hi emission from two un- 
catalogued objects in the NGC 5044 and NGC 1052 groups and 
present higher angular resolution follow-up Hi synthesis imaging 
and spectroscopy, and optical imaging of these objects. In this pa- 
per we use distances of 33 Mpc and 20 Mpc to the NGC 5044 and 
NGC 1052 groups, respectively, taken from Osmond & Ponman 
i2004) in which a value of Hq = 70 km s^^Mpc"^ was used. 



2 OBSERVATIONS AND DATA REDUCTION 
2.1 Parkes observations 

Parkes observations were carried out on 2001 January 7-10 and 
July 14—18. The area imaged for each target group comprised a 
5.5° X 5.5° field centred on the group position and corresponding 
to a projected area ranging from 0.9 x 0.9 Mpc to 3 x 3 Mpc, 
depending on the distance to each of the groups in the sample. 
The obser vations and data reductio n followed the method em- 
ployed by iBames & de Blokl i200ll) . The spectra obtained were 
calibrated and corrected for bandpass on-line and formed into an 
image cube, composed of two spatial dimensions with velocity in- 
formati on as the third, usi ng software developed for the HIPASS 
survey iBames et all200lT) . These final image cubes have a spatial 
resolution of 15.5 arcmin with a 4 arcmin pixel size and a spectral 
resolution of 1.6 kms~^. The Parkes survey parameters and the 
properties of the image cubes are summarised in TableQ 

The two cubes were inspected visual ly for Hi em ission, us- 
ing the KARMA data visualisation package iGoochI 19951) . Potential 
detections were confirmed by extracting spectra through the cube 
at each candidate position, using the MBSPECT task of t he MIRIAD 
data reduction and analysis package jSault et alj|T99l . The area 
over which the spectra were extracted and the amount of Hanning 
smoothing used were optimised in each case, to obtain the spectrum 
with maximum signal-to-noise ratio. 



In addition to emission from known group members. Hi emis- 
sion was detected from two positions which do not correspond to 
any previously catalogued galaxies. The location of each newly de- 
tected object, relative to its group centre, is shown in Fig. Q and 
Fig.H 



2.2 ATCA observations 

In order to characterise the properties and determine the more pre- 
cise locations of the newly discovered Hi emission regions in the 
NGC 5044 and NGC 1052 groups, high-resolution A21-cm follow- 
up observations were carried out on 2002 January 8-9, using the 
Australia Telescope Compact Array^ in its 750A configuration, 
which has baselines in the range 76.5-3750.0 m. The correlator 
was configured to provide two orthogonal linear polarisations, each 
with a bandpass of 8 MHz and divided into 1024 spectral channels, 
with the central observing frequency tuned to the known redshifted 
Hi frequency of the target source, yielding a velocity resolution of 
1.5 kms^^ per channel. The pointing centre of each observation 
was chosen to be the location of the new Hi emission regions de- 
tected in the Parkes observations. These are listed in Table|5|along 
with a summary of other observing parameters. 

The observing strategy followed the standard phase referenc- 
ing technique, consisting of alternate observations of the target 
source (25 min) and a nearby phase calibrator (5 min), with this cy- 
cle repeated over each 12 hour run. PKS B 1934— 638 was observed 
at least once during the observation of each target, to determine the 
bandpass correction and calibrate the absolute flux scale, assuming 
a flux density for this source of 14.9 Jy at 1384 MHz jRevnoldj 
11994 . 

The data reduction was carried out using the NRAO As- 
tronomical Image Processing System (AIPS), with the calibration 
following the standard procedure outlined in the AIPS Cookbook 
(2000). The editing and calibration of the data were carried out us- 
ing a "channel 0" dataset, generated by averaging the visibilities in 
the central 75% of the bandpass. 

The NGC 5044 Group dataset suffered from narrow-band in- 
terference at 1.408 GHz, due to the 1 1th harmonic of the telescope's 
128 MHz sampler clock I Killeen 1995). This interference was lim- 
ited to a single channel and was excised by flagging the affected 
channel, prior to creation of the "channel 0" dataset. 

Calibration of the NGC 5044 Group dataset used 
PKS B1934 - 638 and the phase calibrator PKS B1308 - 220. 
Gain and phase solutions for the calibrators were derived and 
applied to the spectral-line dataset. After bandpass correction, 
the pure continuum dataset was extracted (by averaging together 
line-free channels 100—450 and 630—950), imaged and used to 
further self-calibrate the target field. The final corrections were 
then applied to the spectral line data. 

Similar data editing and calibration methods were used for the 
NGC 1052 Group dataset. However, due to instrumental problems, 
data from antenna CA06 had to be discarded, resulting in an usable 
uv-range of - 3.5 kA for this dataset. 

On-line Doppler tracking is not used by ATCA, so calibrated 
spectral line datasets were corrected for the Earth's motion using 
the task CVEL. Finally, the emission in the line-free channels (100- 
450 and 630-950 for the NGC 5044 dataset and 200-430 and 605- 
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Table 2. ATCA observing parameters and spectral line cube properties. 





NGC 5044 


NGC 1052 


Uate or ooservation 


9009 Tnn OS 


9009 Tan OQ 


Field pointing centre: 






Right Ascension (J2000) 


13h20™24';4 


02^49™ 20=8 


Declination (J2000) 


-14°26'40" 


-08°03'48" 


Primary beam (arcmin) 


33' 


33' 


Antenna efficiency 


68% 


68% 


Frequency of observation (MHz) 


1408 


1414 


Bandwidth (MHz) 


8 


8 


Spectral channels 


1024 


1024 


Spectral channel width (kHz) 


7.8 


7.8 


Effective time on source (h) 


8.49 


7.30 


Flux calibrator 


PKS B1934 — 638. 


PKS B1934 — 638 




PKS B0823 - 500 




Phase calibrator 


PKSB1308-220 


PKS B0310 - 150 


Data cube properties: 






Linear dimensions (pixels) 


1024 X 1024 


1024 X 1024 


Velocity channels 


90 


102 


Velocity range (kms~^) 


2538 - 2837 


1174-1510 


Channels imaged 


451 -630 


401 - 605 


Spatial resolution 


41" X 32" 


420" X 50" 


Pixel size 


3"x 3" 


15" X 15" 


Spectral resolution (kms~^) 


3.3 


3.3 


RMS Noise (mjybeam"^) 


2.6 


3.8 



850 for the NGC 1052 dataset) was used, with the task UVLIN, to 
model and subtract the continuum, in the u-v plane. 

An image cube of each target field, employing 2-channel spec- 
tral averaging (resulting in a velocity resolution of 3.3 km s~^) was 
then generated using IMAGR, to Fourier transform and deconvolve 
the calibrated, spectral-line datasets. Natural weighting (Briggs' 
robustness parameter 5) was used, to maximise sensitivity to low 
surface-brightness, extended structure lBriggS-1995.) , and line-free 
channels (i.e. those chosen to produce the continuum dataset) were 
excluded from the imaging process. Finally, a correction was ap- 
plied to the image cubes, using PBCOR, to account for primary 
beam attenuation. Spectral-line cube properties are given in Ta- 
bleU 

The minimum detectable Hi mass per channel in the 
NGC 5044 cube (3(j detection), of an object of angular size equal 
to that of the synthesised beam and located at the pointing centre, is 
9 X lO'^ M©. Similarly, a Scr detection of an object with the largest 
angular extent imageable by the array (~ 4 arcmin) is 4 x 10** Mq . 

For the NGC 1052 dataset, the minimum detectable Hi mass 
per channel is 5 x lO'' Mq, assuming a Scr detection at the pointing 
centre, of an object the size of the synthesised beam. Similarly, a 
3(7 detection of an object with the largest angular extent imageable 
by the array (~ 4 arcmin) is 1 x 10^ Mq. 



servations of the NGC 5044 group, and 5 x 120 s for the R-hwA 
observation of the NGC 1052 group. 

Data were taken at several dither positions, in order to elimi- 
nate the gaps between the individual CCD chips of the WFI instru- 
ment, when mosaicing the dithered images together after basic re- 
duction of the individual images. The data reduction was carried out 
using IRAF software as well as dedicated IDL script s, and galaxy 
photo met ry was performed using Sextractor cBertin & ArnoutsI 
Il99d: see lMiles et all2004l for further details). The Sextractor 
detection threshold for galaxies detected in the mosaiced /f-band 
image of the NGC5044 field was R = 22.85. 



3 RESULTS 

Regions of Hi emission from positions previously uncatalogued in 
both optical and radio positional databases (e.g. the NASA-IPAC 
Extragalactic Database (NED^)) are detected in the NGC 5044 and 
NGC 1052 groups. In the NGC 5044 Group, Hi is detected ~2.5° 
North-East of the group centre, whilst in the NGC 1052 Group 
Hi emission is detected 14 arcmin South of the edge-on galaxy 
NGC 1110, itself located 2° from the group centre. Optical emis- 
sion is also detected from these two Hl-emission regions. 



2.3 Optical observations 

Examinati on of images from the Second Digitized Sky Survey 
(DSSII - iLask er & McLean 1994) revealed faint optical emis- 
sion coincident with the Hl-detected objects in the NGC 5044 and 
NGC 1052 groups (see Section|3j- Subsequently, follow-up broad- 
band images were obtained using the Wide Field Imager (WFI) on 
the MPG/ESO 2.2-m telescope in 2001 August 7-10. Conditions 
were photometric with ~ 1 arcsec seeing. The exposure times were 
5 X 120 s and 4 x 300 s respectively, for the B- and /?-band ob- 



3.1 NGC 5044 Group: J1320-1427 

Hi emission 

Fig. |3| shows the Parkes spectrum of the previously uncata- 
logued source of Hi emission, discovered ~2.5° North-East of 

^ The NASA/IPAC Extragalactic Database (NED) is operated by the Jet 
Propulsion Laboratory, California Institute of Technology, under contract 
with the National Aeronautics and Space Administration. 
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Table 3. Group parameters for the NGC 5044 and NGC 1052 groups, from 
[osmond & Ponman 1 2004). 



NGC 5044 



NGC 1052 



Group centre: 

Right Ascension (J2000) ISlilS^Og!! 02h40™35?3 

Declination (J2000) -16°26'31" -08°13'08" 

Systemic velocity (km s-l) 2518 ± 100 1366 ± 41 

Velocity dispersion (km s" i) 426 ± 74 91 ± 35 

Distance to group (Mpc) 33 20 

rsoo (kpc) 620 360 



the NGC 5044 Group centre (see Table |3j, to which we refer as 
"J1320 — 1427" after its refined position. The spectrum was ex- 
tracted using a spatial box width of 5 pixels and Hanning smoothing 
over 7 channels; a second-order polynomial was fitted to line-free 
channels and subtracted to correct the non-zero baseline. The line 
has a width, at 50% intensity, of Wtm ~ 47 km . The integrated 
Hi flux is /S dV = 4.1 ± 0.1 Jykms~^ which, assuming opti- 
cally thin emission and a distance to J1320 — 1427 of 33 Mpc (the 
adopted distance to the NGC 5044 Group), implies a total Hi mass 
of (1.05 ±0.03) X IO'^Mq. 

ATCA imaging of J1320— 1427 reveals Hi emission from a re- 
gion centred on Qjsooo.o = 13''20"n3', (5.,2ooo-o = -14°27'32", 
with a deconvolved size of 65" x 125" and a velocity range of 
2716-2773 kms-\ Channel maps for this object are shown in 
Fig.EI 

Maps of line intensity integrated over velocity (O"' mo- 
ment, Fig.|5j and intensity-weighted velocity (1°* moment, Fig.|6j 
were produced using the Brinks "conditional blank" method 
tTavl or et al. 1993) where a mask, created by excluding fluxes be- 
low 2a" on each spatially smoothed channel map, was used to filter 
noise from the full resolution image cube, prior to calculating the 
moments with XMOM. The total Hi intensity map (Fig.|5} shows the 
emission to be elongated in the north-south direction, with emission 
extending to the north-east. The 3a contour of this map was used 
to define the spatial area over which the average spectrum, shown 
in Fig.|3| was taken. 

We measure a peak Hi column density of 
1.1 X 10^^ atoms cm"^ (9.0 Mopc"^), which is a lower 
limit of this quantity, due to the large beam size. The integrated 
total Hi intensity is J S dV = 4.3 ± 0.2 Jykms"\ from which 
we calculate an Hi mass Mhi = (1.10 ± 0.05) x 10^ M©. The 
projected size of the Hi emission, measured to a column density of 
1.6 Mopc"^ (3a), is 11 x 20 kpc. 

Despite the narrow range in velocity covered by the Hi emis- 
sion (Wso = 47 kms^^ - see Fig.|3j, the velocity field (Fig. |5J 
is relatively well-ordered, showing a smooth change in velocity of 
~30 kms~^ over ^--^1.5 arcmin (14 kpc) from the north-west to 
south-east. 

Several background radio continuum sources lie within the 
field of view but no continuum emission above the 3a level of 
0.3 mjy beam^^ was detected at the position of J1320 — 1427. 



Optical data 

Our follow-up B and i?-band images (see Fig.|7) reveal knots of op- 
tical emission; two spatially-extended sources straddle the position 
of Hi maximum, while two further bright regions lie, one south and 
one west of the main peaks. The two main optical components (la- 
belled 2 and 4 in Fig.|7} are very blue, with (B—R) values of 0.32 



and 0.16 magnitudes respectively, suggesting that star formation is 
occurring within these regions. 

Applying a filter to remove the high surface-brightness ob- 
jects in the i?-band image and convolving the result with an ex- 
ponential kernel, revealed a very low-surface brightness halo ex- 
tending north-east of the two main optical components, towards 
the extended Hi emission. Fig.Qshows the iJ-band image with the 
four main optical components identified, and the convolved image 
showing the LSB halo. The extent of the faint halo is illustrated 
with an ellipse. The mean sky background level in the R-band mo- 
saic image was 20.24 mag arcsec"^, while the peak surface bright- 
ness of the LSB component was 23.77 magarcsec^^. In general, 
the convolution of the image with an appropriate exponential ker- 
nel allowed us to detect galaxies with peak surface brightnesses of 
about 4.25 magnitudes below the background. The detection of the 
LSB component is therefore significant, being 0.75 mag brighter 
than the detection limit. 

The measured and derived optical properties of the system 
are shown in Table |4| Columns numbered (I - IV) refer to the 
four bright optical components, and column (v) to the low surface 
brightness halo (LSB). Column (VI) shows the combined optical 
properties of all objects within the extent of the halo (components 
2, 4 and LSB). The Galactic extinction corrections in B and R, Ab 
and Aft, were obtained as per lSchleeel et alJil998h . 

The upper limit for the extinction intrinsic to J1320 — 
1427 was calculated from the average Hi column density 
over each component, using the relations Ab ~ 8.62 x 
10~^^A^Hi l iStavelev-Smith & Davies 1987) and Ar = Ab/1.770 
iBinnev &"Merrifield»1998) . The surface brightnesses (pB and ^r) 
of the LSB component only, and the total surface brightness of the 
optical object were calculated assuming that the optical extent is 
defined by the ellipse shown in Fig.Q 



3.2 NGC 1052 Group: J0249-0806 

Hi emission 

Inspection of the Parkes cube for the NGC 1052 Group revealed Hi 
emission from a number of known galaxies. In particular, our spec- 
trum of the edge-o n galaxy NGC 1 1 10 (ID 463 in, Tiff t & Coc^ 
1988; RFGC 600 in lKarachentsev et alJl999ll . which lies ~2° from 
the group centre, shows a classic line profile of a rotating disk 
(Fig-HJ- However, an additional emission component distinct in ve- 
locity from NGC 1110 was detected, offset by approximately one 
beamwidth south. The spectrum taken at this position, of the object 
hereafter named "J0249 — 0806", is shown in Fig.|9| A box width of 
3 pixels and Hanning smoothing over 5 channels were used to pro- 
duce this spectrum, and a fourth-order polynomial was fitted and 
subtracted to correct the non-zero baseline. The intensity integrated 
over velocity of J0249 - 0806 is J S dV = 5.7 ± 0.2 Jy km s"\ 
implying an Hi mass of Mm = (5.4 ±0.1) x 10* Mq, assuming a 
distance to the source of 20 Mpc. 

The angular resolution of the Parkes data was not sufficient 
to determine the spatial relationship between NGC 1110 and the 
newly-discovered Hi emission. We therefore used ATCA to image 
the region with an improved angular resolution (420" x 50"), which 
confirmed the new detection and established this Hi emission as 
spatially and kinematically distinct from that of NGC 1110. 

Fig. 1101 shows the distribution of Hi emission from the two 
galaxies, overlaid on our R-hand optical image. J0249 — 0806 lies 
17 arcmin (~ 95 kpc) south of the edge-on galaxy NGC 1110, 
and is associated with faint diffuse optical emission. The Hi is 
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Table 4. J1320 — 1427 in NGC 5044 Group: Measured and derived optical properties. The columns are as follows: (I - IV) - each of the bright components 
labelled 1 - 4 in Fig.Q (V) - the low surface-brightness (LSB) component only; (VI) - the combined properties of all five components (i.e. 1, 2, 3. 4 and 
LSB). Absolute magnitudes, Mg and M^, and luminosities, and L^, are corrected for extinction. Estimates of Galactic extinction, and Ajj, have 
been derived as per Schlesel et al. 1 1998). Ag (intrinsic) and A (intrinsic) are the extinction, for the B and R bands respectively, derived from the total Hi 
content of J1320 — 1427. The surface brightness calculation uses the ellipse shown in Fig.Qas the definition of the extent of the LSB component. 







J1320 - 1427 










Component 1 


Component 2 


Component 3 


Component 4 


LSB 


Total 




(I) 


(n) 


(III) 


(IV) 


(V) 


(VI) 


ms (mag) 


20.15 


18.42 


24.39 


18.66 


18.27 


17.17 


B - R (mag) 


1.42 


0.32 


3.90 


0.16 


1.89 


1.22 


Ab (Galactic) (mag) 


0.37 


0.37 


0.37 


0.37 


0.37 




Apt(Galactic) (mag) 


0.23 


0.23 


0.23 


0.23 


0.23 




Ab (intrinsic) (mag) 


0.68 


0.85 


0.57 


0.82 


0.63 




AR(intrinsic) (mag) 


0.38 


0.48 


0.32 


0.46 


0.35 




Mb (mag) 


-13.49 


-15.39 


-9.14 


-15.12 


-15.32 


-16.54 


Mfl (mag) 


-14.47 


-15.20 


-12.65 


-14.78 


-16.79 


-17.25 


/ifl (mag arcsec^^) 










26.91 


25.81 


Hji (mag arcsec"^) 










25.02 


25.59 


Lb (Lq) 


3.84 X lO'' 


2.21 X 10** 


6.98 X 10" 


1.72 X 10** 


2.07 X 10** 


6.39 X 10* 


Lfl (Lq) 


3.16 X lO'^ 


6.19 X 10^ 


5.92 X 10^ 


4.21 X 10^ 


2.68 X 10* 


4.10 X 10* 


Mh,/Ls (Mq/Lq) 










1.37 


1.64 


MH,/Lfl(MQ/LQ) 










1.05 


2.56 



centred on aj2ooo.o = 02'"49'"14=, (S.,2000.0 = -08°06'5l", and 
has a velocity range 1404-1490 kms^^. The rms noise level is 
3.8 mjybeam"^ per channel, with a 3(t detection correspond- 
ing to an Hi column density of A'^hi ~ 3.0 x 10^* cm~^ 
(0.02 Mopc"^) per channel. The Hi emission from NGC 1110 
is spatially and kinematically distinct from this, being centred on 
aj2ooo.o = 02''49'"09!7, (Sj2ooo.o = -07°49'17", with velocity 
range 1237-1424 kms~\ 

The total intensity map of J0249 — 0806 is shown in Fig. 1111 
This source is essentially unresolved in Hi at the resolution of 
our observations, so little may be determined about its morphol- 
ogy. The (lower limit) peak Hi flux is 2.2 x 10^" atoms cm~^ 
(equivalent to 1.8 Mopc"^) and lies close to the optical peak. 
The Hi velocity structure shows a smooth change in velocity of 
~40 kms^^ over ~ 5 arcmin, with marginal evidence of a north- 
east to south-west velocity gradient with position angle ~ 30°. 
The Hi intensity of J0249 — 0806, integrated over velocity, is 
^ S dV — 2.3 ± 0.1 Jy km s~^. This corresponds to a total Hi 
mass Mhi = (2.2±0.1) x 10* M©, assuming the source to be at 
the distance of the NGC 1052 Group. 

The difference between the Parkes and ATCA velocity- 
integrated Hi intensities for J0249-0806 (see Fig. |9} implies the 
presence of extended emission, not detected by the ATCA observa- 
tions due to the lack of very short antenna spacings, or the presence 
of a significant amount of Hi with column densities below the de- 
tection limit of the ATCA observations. The map shown in Fig. llOl 
maximises the sensitivity to extended structure (by only including 
data with uv-distance < 3.5kA) available with the chosen array 
configuration. This does not show any evidence of extended emis- 
sion, for example tidal tails, connecting bridge or common enve- 
lope surrounding J0249 - 0806 and NGC 1110, which one might 
expect if the two objects were strongly interacting. This lack of 
tidal features is consistent with the current strength of the interac- 
tion, as defined by the Dahari Q parameter (Dahari 1984), being 
very small. We conclude that the additional Hi emission detected 
in the Parkes spectrum of J0249-0806 must be smoothly extended 
on scales larger than 4 arcmin (the largest angular scale imageable 
by the array), possibly distributed as a diffuse halo. 



Table 5. J0249 - 0806 in NGC 1052 Group: Measured and derived optical 
prope rties. The estimate of Galactic extinction, A^, has been derived as 
per S chlegel et alj 11993) . A/{(intrinsic) is the extinction correction derived 
from the Hi content of J0249 — 0806. Extinction corrections have been 
applied to the absolute magnitude and luminosity. Suiface brightness, /x^, 
has been calculated for the region within D25 ■ 



J0249 - 0806 



m^j (mag) 


14.27 


Ar (Galactic) (mag) 


0.084 


AR(intrinsic) (mag) 


0.09 


1)25 (arcsec) 


13.6 


Mfl (mag) 


-17.41 


/ijj (mag arcsec"^) 


22.1 


Lfl(LQ) 


4.8 X 10* 


Ma/Lfl (Mq/Lq) 


1.13 



Optical data 

The MPG/ESO 2.2-m WFI if -band follow-up image of the region 
clearly shows NGC 1110, and an uncatalogued low surface bright- 
ness source, spatially coincident with the J0249 — 0806 neutral hy- 
drogen detection. The image also shows a number of other galax- 
ies (see Figs llOl and llU however those with published velocities 
clearly lie outside the NGC 1052 group. The derived optical prop- 
erties of J0249 - 0806 are hsted in Table|5l 



4 DISCUSSION 

4.1 Group membership 

J 1320-1427 and the NGC 5044 Group 

Early classification by iHuchra & Gelleil il982h of this galaxy 
group, using the percolation method to determine group member- 
ship to a limiting magnitude of mB = 13.2, suggested a mem- 
bership of three gala xies, concentra ted around the brightest group 
member, NGC 5044. lGarcij h993h subsequently used percolation 
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and hierarchical clustering jMatemd ll978h methods to identify 9 
group members to a magnitude limit of me = 14.0, and cata- 
logued the group as LGG 338. In a study of the central 2.3°sq. 
of the group, which used the visual inspectio n of optical plates 
to find dwarf group members, iFerguson & San dage 1 1990) iden- 
tified 80 definite and a further 82 likely or possible members of the 
NGC 5044 Gro up, with 69% of the total classified as dwarf galaxies 
jCellone"l999"). 

As part of the GEMS proiect. lOsmond & PonmanI i2004h have 
recalculated the optical membership of the NGC 5044 Group, using 
NED as the parent catalogue. Their criteria for group membership 
require that members lie within the rsoo overdensity radius of the 
group (calculated from the group's X-ray temperature) and have a 
velocity which differs by no more than Sct from the group veloc- 
ity. Using this method lOsmond & Ponmari found 18 members of 
the NGC 5044 Group and determined several group parameters, in- 
cluding the heliocentric velocity t; = 2518 ±100 km s^^, resulting 
in a corrected distance to the group of 33 Mpc. The velocity disper- 
sion, = 426 ± 74 kms~^, is high for galaxy groups. T hese, and 
other group parameters fromj^smond & PonmanI i2004h relevant 
to this paper are given in Table|3| 

The position of J1320 - 1427 within the NGC 5044 Group 
is shown in Fig. Q It lies on the outskirts of the group, 137 ar- 
cmin (2.3°) north-west of the group centre. This corresponds to 
a projected distance of 1.3 Mpc, or 2.1r5oo. Despite its distance 
from the group centre, the velocity of J1320 — 1427 matches 
well with those of other group members. The velocity distribu- 
tion of all known group members, as a function of angular dis- 
tance from the group centre, is shown in Fig. 1121 the velocity of 
J1320 - 1427 (2750 kins"^) is l.lcr from the mean group veloc- 
ity of 2518 ± 100 km We therefore suggest that J1320 - 1427 
is likely to be a member of the NGC 5044 Group, rather than a 
chance superposition of the group and an unrelated field galaxy. 



J0249-0806 and the NGC 1052 Group 

The NGC 1052 group of galaxies, also known as LGG 71, was 
first identified by Huchr a & GelleJ Jl982h with a membership of 
6 g alaxies, with th is later extended to 14 galaxies by Tullv ( 1988) 
and lGarci3 il993h . using the membership determination methods 
described above (see Figs |2| and ^| for the position and veloc- 
ity distribution of the gro up members). Using the same criteria 
employed for NGC 5044, Osmond & Ponman (2004) have cata- 
logued this group with 4 galaxy members, a group radial veloc- 
ity V — 1366 ± 41 kms~^ (implying a distance to the system of 
20 Mpc) and velocity dispersion cr„ = 91 ± 35 kms~^ (see Ta- 
ble|3}. 

The brightest galaxy in the group is NGC 988 iGiuricin et all 
I200Q) . an SB(s)cd galaxy with me = 10.60. The galaxy which 
gives the gr oup its common name, NGC 1052, is classified as an 
E4 elliptical teeif etal."l978^ and is found to have an asymmetrical 
Hi spectrum, van Gorkom et al. ( 1986) suggest that the Hi gas was 
captured from a gas-rich dwarf or spiral galaxy about 10® years 
ago. 

The radial distance of 2.1° between J0249 - 0806 and the 
group centre corresponds to a projected distance of 747 kpc, or 
2.1r5oo. The radial velocity of this galaxy, 1450 kms~^, is 1.8a 
from the mean group velocity of 1366 ± 41 kms^^. Fig. ll3l shows 
the velocity distribution of members of the NGC 1052 Group as 
a function of radial distance from the group centre. From this, and 
the diagram showing the positions of the group members on the sky 



(Fig.|2l we suggest that J0249 - 0806 is a physical member of the 
NGC 1052 Group. 



4.2 The nature of J1320-1427 and J0249-0806 

The measured properties (Hi emission and optical photometry) of 
J 1320-1427 and J0249-0806 are consistent with those exhibited by 
irregular galaxies. 

Morphologically, a smooth diffuse halo enveloping bright star 
forming regions, akin to what we see in J1320 — 1427, is a fea- 
ture occasionally seen in high se nsitiv ity observations of irregu- 
lar galaxies iOallagher & Huntej|l984l) . The absolute magnitude 
of this galaxy, measured here to be Mb = —16.54, is in the range 
accepted fo r irregulars, tending somewhat towards the dwarf end of 
that scale (Binggeli et al. 1988; Gallagher & Hunter '1984'). 

The mean Hi surface densities of the two galaxies, measured 
to a radius where the Hi column density drops to 1 Mqpc~^, are 
o-Hi = 2.11 Mopc^^for J1320-I427 and am = 0.89 M0pc~^for 
J0249~0806, with peak column densities of 9.OM0pc~^and 
I.8M0pc^^ respectively. These values are higher than the Ken- 
nicutt star-formation threshold (Kennicutt 1989) , and consistent 
with the surface density of late-type spiral and irregular galaxies 
dRoberts & HavneJl994b . 

The neutral hydrogen mass-to-light ratios of J1320 — 1427 
and J0249 - 0806 are Mh,/Lh = 2.56, Mm/Ls = 1.64 
and Mhi/L_h = 1.13, respectively while for the low surface 
brightness halo in J1320 - 1427 Mhi/Lr = 1.05 Mq/Lq 
and Mhi/Ls — 1.37 Mq/Lq. The Mhi/L_b values are higher 
than the median values calculated by Roberts & Havnes ( 199^ 
(Mhi/Ls = 0.36 Mq/Lq for Scd and Sd galaxies and Mh i/Lb = 
0.66 Mfl/Lfl fo r Sm and Im galaxies) and others (eg. iRobertsI 
ll96StlBroeils' & Rhee 1997, etc.), but they are consistent with sev- 
eral individual Sm and Im galaxies in their samples, at the high end 
of the Mhi/L scale. The Mm/Lij values are consistent with the av- 
erage for Im galaxies, Mhi /Lh = 1.92 ± 0.71, calcul ated from Hi 
masses and photometry bv lSwaters & BalcellJi20o3) . In compari- 
son, the isolated Hi cloud J17 12-64, found by the HIPASS survey 
iKilborn et al. 2000). has Mhi/Ls = 24 Mq/Lq, a further indi- 
cation, in addition to the fact that we do detect a stellar component 
in both our objects, that J1320 - 1427 and J0249 - 0806 are not 
primordial gas clouds left over from the formation of the groups. 

Although not a primordial cloud, J0249 — 0806 might be on 
its first infall into the NGC 1052 group. As discussed in Section|4] 
this galaxy lies approximately 2r5oo from the group centre, but has 
a velocity consistent with group membership. More indicative of 
first infall, however, is its high Mm/L ratio, implying an absence of 
tidal stripping. Aditionally, we have detected greater Hi emission 
with the single-dish than in the synthesis observation, suggesting 
the presence of gas extended on scales larger than 4 arcmin. This 
gas does not appear to be in the form of tidal tails and therefore 
might exist as a smooth diffuse halo, as is seen in, for example. 
Sextans A (Wilcots & Hunter 2002). Existence of such halos would 
confirm that the galaxy is on its first infall into the group potential 
well, as otherwise su ch a halo would easily have been stripped (eg. 
lAcreman et alj|2 003t TG ottlober et al. 2002). In particular, simula- 
tions bv lMareolini et al.N2003l) . of dwarf galaxies moving through 
a low density IGM typical of galaxy groups, indicate that the galax- 
ies are completely stripped by the group IGM within timescales 
as short as 1-2 Myr. An extended Hi halo, as may exist around 
J0249 — 0806, is less likely to survive in the inner region of the 
group, as it will be much less strongly bound than the disc gas sim- 
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ulated bv lMarcolini et all i2003h . Conversely, we see no evidence 
for first infall of the NGC 5044 group galaxy, J1320 - 1427. 



5 CONCLUSIONS 

We have presented high angular resolution radio synthesis and op- 
tical observations of new galaxy members, discovered in the groups 
NGC 5044 and NGC 1052, as part of the GEMS survey of galaxy 
groups. 

J1320-1427, in the NGC 5044 Group, has 
Mhi = 1.05 X 10^ Mq (single dish measurement), 
Mb = -16.54, Mr = -17.25 and Mm/Ls = 1.64 Mq/Lq, 
Mm/LR = 2.56 Mq/L©. J0249 - 0806, in the NGC 1052 
Group, has Mhi = 5.4 x 10* (single dish measurement), 
Mr = -17.41 and Mm/Ls = 1.13 Mq/Lq. Both of these 
galaxies are at a distance equivalent to just over 2r5oo from their 
group centres. This and the possible presence of an extended Hi 
halo suggests that J0249 — 0806 may be on its first infall into the 
NGC 1052 group. 
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Figure 1. Member positions in the NGC 5044 Group. Solid symbols show the position of previously identified group members, whilst open circles denote 
the positions of other probable members (catalogued by NED) within the same projected area and with velocities close to that of t he group. The sym - 
bol representing each member denotes the first group catalogue to hst the galaxy: pentagon-; Huchra & Gelleil Il982l). square- Ferguson & Sandae^ il99Ch . 
triangle- Garcia 1 1993), circle- Osmond & Ponman i20()4). The position coordinates for each source are those listed by NED. The centre of the group, at 
J2000-0 = — 16°26'31'^ lies very close to the galaxy NGC 5044. The extent of the t^qq overdensity radius is denoted by a 
dashed circle centred on this point. The new group member reported in this paper, J1320 — 1427, is in the upper left comer of the diagram, marked "*", and 
sun'ounded by a circle indicating the field of view of the ATCA observation. 
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Figure 2. Member positions in the NGC 1052 Group. Solid symbols show the position of previously identified group members, whilst open circles denote the 
positions of other probable members (catalogued by NED) within the same p rojected area and with v elocities close to that of the grou p. The symbo l representing 
each member denotes the first group catalogue to list the galaxy: pentag on 4Huchra & Gelled ll982l) . square jTull\i <198Sl) . fi-iangle - Garcial <1993ft . The position 
coordinates are as given by NED. The centre of the group lies close to the galaxy NGC 1052 itself, at a.12000.0 = 02''40™35!3, (5.i2ooo.o = -08°13'08". 
The extent of the rsoo overdensity radius is shown with a dashed circle centred on this point. The new group member reported in this paper. J0249 — 0806, 
is in the centre left of the diagram (marked *) and is surrounded by a circle indicating the size of the ATCA field of view. The position of the earby galaxy, 
NGC 11 10 is also labelled. 



Discovery of New Members in the NGC 5044 and NGC 1052 Groups 1 1 



Parkes 



ATCA 




I \ \ \ I I I I \ \ \ I I I I \ \ \ I I I I \ \ 

2500 2600 2700 2800 2900 3000 

Velocity, cz (km/s) 



Figure 3. NGC 5044 Group: Parkes (solid) and ATCA (dashed) Hi spectra of J1320 — 1427. The Parkes spectrum was produced by averaging over a spatial 
box of width 3 pixels (12 arcmin) and Banning smoothing over 7 velocity channels. A second-order polynomial has been used to correct the non-zero baseline. 
The ATCA spectrum was taken over a spatial region whose boundaries are defined by the 3cr detection level (a column density of 2.0 x 10^" atoms cm~^). 
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Figure 4. NGC 5044 Group: Channel maps showing Hi emission from the new group member J1320 — 1427. The peak of the emission is 33 mjy bcam~^, 
at a velocity of 2736.3 kins^-'. The contour levels represent flux levels of — 3cr (dashed), 3cr, and 12a, where the noise level a = 2.6 mJy beam^-*^. A 
3(7 detection corresponds to an Hi column density of A^hi = 3.3 X W^^ cm~^ (or 0.26 Mqpc"^) per channel. The central velocity (heliocentric, optical 
definition) of each channel is shown in the top right of each map, and the size of the synthesised beam (41" x 32") is shown in the bottom-left of the map of 
the lowest velocity channel. 



Discovery of New Members in the NGC 5044 and NGC 1052 Groups 13 




Figure 5. J1320 - 1427 in the NGC 5044 Group: Total Hi intensity contours superimposed on to the MPG/ESO 2.2 m WFI /?-band optical image. The peak 
column density of the source is 1.1 X lO'^^ atoms cm^'^ (9.0 Mqpc^^) and contour levels are set to Sir, 6(T, 9(T, 12(t, 15(T. These represent column densities 
of 1, 2, 3, 4, and 5 times 2.0 X 10^'' atoms cm ^ (equivalent to 1, 2, 3, 4, and 5 times 1.6 Mqpc ^). The Hi map has been rescaled to the same pixel size 
and coordinate grid as the optical data. The ellipse in the lower-left of the image indicates the size of the synthesised beam (41" x 32") and the scale bar at 
the top-right shows the linear scale of the image (1 arcsec = 160 pc at a distance of 33 Mpc). At least 3 other galaxies can be seen in the optical image, but 
none of these is identified in the standard catalogues. 
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Figure 7. J1320 - 1427 in NGC 5044 Group: Left — MPG/ESO 2.2 m WFI R-band image. The effipse illustrates the extent of the low surface brightness 
component, with its centre marked C. The brightest components are numbered 1-4. Right — Convolved image showing the low surface brightness (LSB) 
component, with the Sextractor eUipse overlaid. The apparent emission to the south-west of the LSB component is a residue of imperfect masking of 
features caused by the nearby saturated star, clearly visible in the left panel. 
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Figure 8. NGC 1052 Group: Parkes (left) and ATCA (right) Hi spectra of galaxy NGC 1110. The Parkes spectrum was produced using a spatial box of width 
5 pixels (20 arcmin) and Manning smoothing over 5 velocity channels. A fourth-order polynomial has been used to correct the non-zero baseline. The vertical 
lines indicate the spectral region over which the integral has been taken (see text, Section l3!2l . The ATCA spectrum was taken over a spatial region whose 
boundaries are defined by an Hi column density of 1.57 X 10^" atoms cm^^. 
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Figure 9. NGC 1052 Group: Parkes and ATCA Hi spectra of new group member J0249 — 0806. The Parkes spectrum was produced using a spatial box of 
width 3 pixels (12 arcmin) and Manning smoothing over 5 velocity channels. A fourth-order polynomial has been used to correct the non-zero baseline. The 
veilical lines indicate the spectral region over which the integral has been taken (see text, Section lT2l . The ATCA spectrum was taken over a spatial region 
whose boundaries are defined by an Hi column density of 1.57 X 10^" atoms cm^^. 
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Figure 10. NGC 1052 Group: Hi total intensity contours of known galaxy NGC 1110 (top) and new group member J0249 — 0806 (bottom), superimposed 
on to the MPG/ESO 2.2 m WFI S-band optical image. The peak column densities of the two sources are 5.4 X 10^^ atoms cm~^ (NGC 1110) and 1.1 X 
10^^ atoms cm-2 (J0249 - 0806). The contour levels are 2, 4, 8, 16 and 32 times 1.3 x 10^° atoms cm'^ (2, 4, 8, 16 and 32 Mopc-^). For presentation 
purposes the Hi map has been rescaled to the same pixel size and coordinate grid as the optical data. The increase in the backgroimd noise level at the top edges 
of the map are due to the decrease in sensitivity of the primary beam with increasing distance from the phase centre. Because the RMS noise is not uniform 
across the field, due to the primary beam correction, noise measurements local to NGCUIO were used for the moment analysis. The ellipse in the lower- 
left of the image indicates the size of the synthesised beam (420" x 50"). The R-band image includes a number of background galaxies, 2MASS galaxies 
with unknown velocities and uncatalogued galaxies. At the calculated group distance of 20 Mpc, the projected linear scale of the image is 1 arcsec = 97 pc, 
represented by the scale bar at the top-left of the figure. 
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Figure 11. J0249 - 0806 in the NGC 1052 Group: Total Hi intensity contours of the new group member superimposed onto the MPG/ESO 2.2 m WFI S-band 
optical image. This is the same as Fig. 1 101 zoomed in on the area around J0249 — 0806, and with bacl^ground noise measured local to this source. The peak 
column density of the source is 2.2 X lO'^" atoms cm~^ (1.8 Mqpc~^), with contours representing Hi column density levels of 1, 2, 3, 4, 5, 6 and 7 times 
1.3 X 10^0 atoms cm ^ (1, 2, 3, 4, 5, 6 and 7 Mqpc ^). The Hi map has been rescaled to the same pixel size and coordinate grid as the optical data. The 
ellipse in the lower-left of the image indicates the size of the synthesised beam (420" X 50"). At the calculated group distance of 20 Mpc, the scale of the 
image is 1 arcsec = 97 pc, indicated by the scale bar at the top-right of the figure. Other objects in the field have been labelled, but none of these is Itnown to 
be associated with the group. 
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Figure 12. Velocity distribution of previously identified NGC 5044 Group members (solid symbols) and other probable group members within the same 
projected area (open circles), as a function of angular' distance from the centre of the group. Symbols denote the galaxies in the group in the same manner as in 
Fig.Q The new group member reported in this paper, J1320 — 1427, is located in the right of the diagram and is marked *. The group velocity is shown with 
a solid horizontal line at d = 2518 kms~^, while the dotted lines parallel to this indicate the velocity dispersion of ct = 426 kms~^. The dashed vertical 
line shows the extent of rsoo ■ Position and velocity data are from NED. 
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Figure 13. Velocity distribution of previously identified NGC 1052 Group members (solid symbols) and other probable group members within the same 
projected area (open circles), as a function of angular' distance from the centre of the group. Symbols denote the galaxies in the group in the same maimer as in 
Fig.|2l The new group member reported in this paper, J0249 — 0806, is located just above centre in the diagram and is labelled and marked *. The nearby galaxy 
NGC 1110 is also labelled and marked with a filled square, for comparison. The group velocity is shown with a solid horizontal line at d = 1366 kms~^, 
while the dotted lines parallel to this indicate the velocity dispersion of cr = 91 kms^^. The dashed vertical line represents the extent of rsoo- Position and 
velocity data are from NED. 



